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htcense.Abstract Background: Vertebral collapse is a common problem due to benign bone marrow
lesions, trauma or malignant process. The diagnosis is often correctly predicted from characteristic
imaging appearance. Some vertebral collapses have atypical imaging appearance that may cause
diagnostic confusion.
Aim: To evaluate the value of the ADC obtained in DW-MR sequences for the differentiation
between benign and malignant bone marrow lesions.
Patients: Sixty patients were included in this study, referred from Neurosurgery and Radiotherapy
Departments and proved to have vertebral compression based on conventional MR imaging.
Results: The ADC value resulted in statistically signiﬁcant characterization between (osteoporotic
and post-traumatic collapse) and (malignant vertebral collapse) (P< 0.0001) while there was no
statistically signiﬁcant ﬁndings between infective spondylodiscitis and malignant vertebral collapse
(P> 0.05). The sensitivity, speciﬁcity, PPV, NPD of DWI and ADC values in differentiating
benign from malignant vertebral collapse were 100%, 83.3%, 60% and 100% respectively.
Conclusions: ADC values are a useful complementary MRI tool to characterize bone marrow
lesions, in order to distinguish acute benign fractures from malignant or infectious bone marrow
lesions. However, ADC values are not valuable in order to differentiate malignancy from infection
with diagnostic overlap in the subacute traumatic vertebral collapse.
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Although the spine is the most common site of bone metasta-
ses, benign vertebral fractures due to osteopenia occur in one
third of cancer patients, making it essential to determine
whether the cause of vertebral collapse is benign or malignant
(1).
Conventional magnetic resonance (MR) techniques are the
imaging test of choice in the diagnosis of pathologic fractures;gyptian Society of Radiology and Nuclear Medicine.
.01.010
266 F. Fawzy et al.however, they are unable to differentiate acute benign collapse
from malignant collapse in most cases. Because osseous edema
secondary to acute osteopenic fracture produces signal changes
similar to those observed in bone metastases on T1- and T2-
weighted and STIR images, conventional MR is very sensitive
but not always speciﬁc (2).
Magnetic resonance imaging (MRI) has become an impor-
tant tool for the detection and assessment of bone marrow
pathologies. For the standard clinical evaluation of bone mar-
row, T1-weighted spin-echo (SE) as well as short-time inver-
sion recovery (STIR) sequences are applied, which allow the
differentiation of tissues based on their different relaxation
times. During recent years, new contrast mechanisms have
emerged that enable the investigation of aspects of bone phys-
iology, among others marrow perfusion and marrow diffusion.
Their analysis might provide important new insight into the
pathogenesis of certain bone marrow diseases (3).
In adults the bone marrow is in general composed of fatty
tissue, which appears hyperintense on T1 and T2WIs and ap-
pears hypointense on MR sequences with fat suppression (4).
In the case of trauma, tumor or infection inﬁltration, replace-
ment and depletion of fatty bone marrow takes place resulting
in intermediate to hypointense signal on T1WIs and hyperin-
tense signal on STIR and T2WIs. These changes obscure the
distinct appearance of fatty bone marrow and serve as early
indicators of pathology (5).
In spite of its high sensitivity, MRI is of only limited spec-
iﬁcity in the evaluation of bone marrow alterations, because
routine MR sequences are in general not suitable to differenti-
ate between their causes. The limited speciﬁcity of MRI in pa-
tients with bone marrow alterations requires additional,
sometimes invasive diagnostic steps to obtain accurate diagno-
sis, which is mandatory to apply adequate therapy (5).
Diffusion weighted imaging (DWI) is an imaging technique
which probes the structure of a biologic tissue. The contrast
achieved with this technique is considered to be tissue speciﬁc
and can be used for non-invasive tissue characterization. Thus,
DWI seems to have the potential to increase the speciﬁcity of
MRI in characterizing bone marrow alterations (6).
Pathological vertebral compression fractures appeared
hyperintense on DWI reﬂecting restricted diffusion, whereas
benign vertebral compression fractures such as osteoporotic
and post traumatic fractures, show hypointense or isointense
signals. However, some benign vertebral compression fractures
also present with hyperintense signals, leading to false positive
results and reducing the speciﬁcity of this technique. The pres-
ence of hyperintense signals on DWI in patients with benign
processes open some controversy in this subject and so the dif-
fusion weighted MR imaging of the spine showed no advan-
tage in the detection and characterization of vertebral
metastases as compared with non contrast T1WI (7).
Healthy vertebral marrow contains 20–70% fat with an
estimated 7% increase per decade of life. The diffusion capac-
ity of fat is reported to be low resulting in decreased ADC val-
ues in healthy vertebrae. Reported values are 0.15–0.59 mm2/s,
which are considerably lower compared to other benign tissues
such as muscles or liver tissue (ADC= 1.2–1.7 and 1.38–
1.87 · 103 mm2/s respectively).
The ADC value in malignancy was signiﬁcantly lower than
in benign processes. The ADCs reported for vertebral malig-
nancy and for pathological vertebral compression fracturesranged from 0.69 to 0.92 · 103 mm2 whereas the ADC of post
traumatic edema is 1.21–1.94 · 103 mm2. (8).
2. Patient and methods
From September 2011 to July 2012, 40 healthy cases (27male
and 13female their age ranged from 19 to 55 years) and 60 con-
secutive patients (38 men and 22 women; mean age, 61 years;
range 25–94) presenting by vertebral collapse and/or altered
MR signal intensity in one or more vertebral body on conven-
tional MR sequences were included in this study. All our cases
were referred from Neurosurgery and Radiotherapy
Departments.
The patients were subjected to the following:
2.1. Clinical history taking
2.1.1. Imaging modalities
(A) Conventional Magnetic Resonance Imaging (MRI):All
MRI studies were done using Philips medical system
(01.5 Tesla). All patients were asked to get rid of any
metallic subjects as well as they were asked about any
contraindication to MRI examination (artiﬁcial heart
valve, cardiac pacemaker, metallic stents or joint pros-
thesis except that made of titanium). The patients were
informed about the duration of the examination, the
position of the patient and the importance of being
motionless.MRI study was done with the patients in
the supine position using a standard phases-array sur-
face coil for imaging the spine. The imaging protocol
included sagittal and axial T1WI spin echo sequences
(600/17/90/2 (TR/TE/angle/NSA)), sagittal and axial
T2*WIs (3446/130/90/3) sequences, sagittal STIR
(1757/14/160/3 TR/TE/TI/NSA) sequences.
(B) Diffusion Weighted MR Imaging (DWI):The imaging
sequence for DWI was a multi-section, fat suppression
spin-echo-type multi-shot echo-planar imaging (EPI) in
the sagittal sequence. Sensitizing diffusion gradients
were applied sequentially in the phase encoding direc-
tion with b values of 500 and 800 s/mm2. Sequential
sampling of the K space was used with TR/TE, 1600/
95 ms; acquisition matrix 176 · 256; thickness, 6 mm,
interslice gap, 1 mm, FOV 40 · 20 cm.The ADC value
was calculated automatically by MRI software and
included in the sequence. In order to measure the
ADC of the lesions, a region of interest (ROI) was
placed within the lesion. The ADC values were
expressed in 103 mm2/s.
3. Results
The results were based on DWI ﬁndings and ADC values in
different pathological entities of vertebral collapse as seen in
Table 1.
Control cases (40 healthy cases, 27males and 13 females).
The ADC values of the healthy control cases ranged between
0.19 and 0.45 mm2 which is suggestive of low diffusibility in
the normal vertebral fatty marrow.
Table 1 Different causes of vertebral collapse, signal intensity on DWI and their range and mean ADC values.
Pathological entities SI on DWIs (b0) SI on DWIs (b800) (Range) & mean of (SD) ADC (103 mm2)
Group A1
Osteoporotic (17)
Iso-High Hypointense (1.2–1.9) & 1.55(0.24)a
Acute traumatic(21) High Hypointense (1.2–1.9) & 1.47(0.25)a
Subacute traumatic(4) High Relatively hyperintense (0.57–1.1) & 0.86(0.23)
Group A2
Spondylodiscitis (6) High Hyperintense (0.72–1.3) & 0.97(0.22)
Group B
Malignant collapse (12) High Hyperintense (0.7–1.1) & 0.91(0.13)
F= 23.9, P= 0.000.
a Means this group signiﬁcantly differs from subacute traumatic, spondylodiscitis, and malignant collapse.
Table 2 Validity of ADC value in the diagnosis of benign and
malignant vertebral collapse.
Malignant positive Benign negative Total
ADC +ve 12 8 20
ADC ve 0 40 40
Total 12 48 60
Sensitivity = 100%, Speciﬁcity = 83.3%, PPV= 60.0%,
NPV= 100% and Kappa = 0.67 & P= 0.000
Fig. 1 Osteoporosis fracture: (A) Sagittal T1WI shows reduced he
hypointense signal (B) Sagittal T2WI shows a hyperintense signal of th
of the collapsed vertebrae which is consistent with unrestricted diffusi
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tients were classiﬁed into two groups (Tables 1 and 2)
*Group A (n= 48) patients with benign vertebral collapse
-A1 osteoporotic and post traumatic (n= 42)
-A2 infective spondylodiscitis (n= 6)
*Group B (n=12) malignant vertebral collapse.
The mean value of ADC among patients and control are
shown in Table 3.
Benign vertebral collapse occurred in 48 patients and was
conﬁrmed by histopathology and surgery, osteoporotic in 17ight of D12 and L1 vertebral bodies, mainly at their waist with
e involved vertebrae (C) Sagittal DWI shows a hypointense signal
on, ADC value was 1.7 · 103mm2.
Fig. 2 Fracture due to acute trauma: (A) Sagittal T2WI revealed reduced cranio-caudal height of L1 vertebral body with anterior
wedging and bone marrow hyperintensity. (B) Sagittal DWI shows a hypointense signal of the affected vertebra denoting no diffusion
restriction, ADC value was 1.4 · 103mm2.
268 F. Fawzy et al.patients (Fig. 1), acute traumatic fractures in 21 (Fig. 2) pa-
tients, 4 patients with subacute traumatic collapse and six cases
had infectious spondylitis (Fig. 3). Three of the ﬁfteen oncol-
ogy patients (Fig. 4) with a previous history of neoplasmFig. 3 Pott’s disease fracture: (A) Sagittal T1WI revealed reduced h
irregular related vertebral endplates. (B) Sagittal T2WI shows he
involvement of the adjacent disc spaces. (C) Sagittal DWI shows h
diffusion, ADC value was 0.75 · 103mm2 .(two cases with breast carcinoma and one case of leukemia)
were found to have vertebral collapse of benign nature, not
metastatic. All benign vertebral body lesions were diffusely
hypointense on T1WI, hyperintense on T2WIs and STIReight of L1 and L3 vertebral bodies with hypointense signal and
terogeneous hyperintense signal of the affected vertebrae with
yperintense signal of the involved vertebrae denoting restricted
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signal, being always higher than normal vertebral bodies (see
Fig. 5).
The ADC values for the benign vertebral collapse ranged
between (1.2–1.9 · 103 mm2 with a mean of 1.55 &
SD= 0.24) for the osteoporotic and (with a mean of 1.47 &
SD= 0.25) for acute post traumatic fractures and it was lower
in the six cases of infectious spondylitis (0.72–1.3 103 mm2
with a mean of 0.97 and SD= 0.22).
Four cases of subacute traumatic collapse presented after
15 days to 60 days of the traumatic insult. The altered signal
intensity was in the form of relatively hyperintense signal on
DWI (b= 800) and the ADC value was low (0.57–
1.1 · 103 mm2 with a mean of 0.86 and SD= 0.23) which
could be confused with infectious or metastatic lesions.
Twelve patients presented with metastatic lesions (con-
formed by histopathology) from the 15 oncology patients
who had a previous history of neoplasm (Two cases with lung
carcinoma, two cases with breast carcinoma, two lymphoma,
four cases with leukemia and two multiple myeloma cases).
Eleven cases display hypointense signal on T1WI and hyperin-
tense signals on T2WI, STIR and diffusion weighted imaging
sequences. There was one patient with sclerotic metastasis,
being hypointense on all sequences. The ADC values obtainedFig. 4 Malignant vertebral fracture: (A) Sagittal T1WI shows reduc
Sagittal T2WI shows relative hyperintense signal of the involved vert
vertebral body which is consistent with restricted diffusion, ADC valu(0.7–1.1 · 103 mm2 with a mean of 0.91 · 103 mm2
(SD = 0.13). were lower than acute traumatic and osteopo-
rotic benign lesions and they were statistically signiﬁcant
(p< 0.000), although greater than those of the normal bone
marrow. The mean ADC values from the malignant lesions
were not statistically different from the infectious spondylitis
group (0.72–1.3 · 103 mm2) with a mean value of
0.97 · 103 mm2 (SD= 0.22) (P> 0.05). The sensitivity,
speciﬁcity, PPV, NPD and accuracy of DWI and ADC values
in differentiating benign from malignant vertebral collapse
were 100%, 83.3%, 60% and 100% respectively.
Acute malignant fractures were hyperintense compared to
normal vertebral bodies on the diffusion-weighted sequence,
except in one patient with sclerotic metastases. The ADC value
from benign edema (1.2–1.9 · 103 mm2) was signiﬁcantly
(P< 0.000) higher than untreated metastatic lesions
(0.9 ± 1.3 · 103 mm2/s). Mean ADC value of infectious
spondylodiscitis (0.9 ± 0.22 · 103 mm2.) was not statistically
(P> 0.05) different from untreated metastatic lesions and so
false positive diagnosis for malignancy can occur.
The mean value of ADC in the 60 patients involved in this
study was 0.57–1.9 with a mean of 1.291 ± 0.36 while in con-
trol cases (40 cases) they were 0.19–0.45 with a mean of
0.31 ± 0.11 (Table 3).ed height of L2 vertebral body with diffuse hypointense signal (B)
ebra. (C) Sagittal DWI revealed diffuse hyperintense signal of L2
e was 0.96 · 103 mm2).
Fig. 5 ROC Curve:diagnostic performance of ADC for predict-
ing malignancy among vertebral bone marrow lesions. Area under
the curve (AUC) = 0.90 (0.82–0.98), best cut off ADC value by
roc CURVE > 1.15.
Table 3 The mean value of ADC among patients and control.
Patients (60) Control cases (40) t P
ADC 1.291 ± 0.36 0.31 ± 0.11 16.6 0.000
Range 0.57–1.9 0.19–0.45
270 F. Fawzy et al.The best cut off ADC value as calculated by the ROC
CURVE >1.15 (Fig. 5).
Other false positive ﬁndings were detected in the four cases
of subacute traumatic vertebral collapse as their ADC value
was low within the malignant range, so it is important to know
the age of the trauma and to correlate with conventional MRI
to avoid diagnostic overlap.
The ADC value resulted in statistically signiﬁcant charac-
terization of vertebral collapse between group A1 and group
B except in four cases of subacute traumatic collapse as their
ADC value was in the malignant range while there were no sta-
tistically signiﬁcant ﬁndings between group A2 and group B
(Table 1).
4. Discussion
Diffusion weighted MR sequences provide dynamic and
microscopic information to supplement the static and macro-scopic information provided by conventional sequences (9).
It is a non invasive imaging technique which is suitable for
probing the physical structure of a biologic tissue at a micro-
scopic level and it exploits the random, translational motion
of water protons in a biologic tissue, which reﬂects the tissue
speciﬁc diffusion capacity and can be used for tissue character-
ization (8).
The diffusion capacity is indirectly proportional to the
amount of diffusion barriers, such as membranes, tight junc-
tions, ﬁbers, macromolecules and cell organelles (6).
In agreement with our study, (10,14) stated that rapidly
growing tissues with high-energy turnover, like in tumor tissue,
the number of diffusion barriers is increased resulting in re-
stricted diffusion and a decline of the diffusion capacity.
According to this concept, the mobility of water protons is re-
stricted in the tumor tissue resulting in increased signal inten-
sities on DWI reﬂecting its low diffusion capacity, thus
malignancy appears hyperintense on DWI, whereas benign tis-
sues and liquids appear hypointense.
T1 and T2 effects may also contribute to the signals on
DWI resembling restricted diffusion and consecutively malig-
nancy. These are called ‘‘ shine through effects’’ which can
be eliminated by choosing diffusion gradients with b-factors
exceeding 150s/mm2 and by quantitative analysis of DWI
which can be achieved by calculating the Apparent diffusion
coefﬁcient (ADC), which is considered to reﬂect the tissue spe-
ciﬁc diffusion capacity and objective parameter for tissue char-
acterization (11)).
In our study, 60 patients were included, referred from Neu-
rosurgery and Radiotherapy Departments for MRI study
which revealed vertebral collapse in all of them. However,
accurate differentiation between a benign edematous process
and a malignant inﬁltration is difﬁcult on conventional MRI
which resulted in diagnostic problems in most of the cases
especially in elderly oncology patients with a previous history
of extra-spinal malignancy.
Forty-eight patients were proved to have benign vertebral
collapse (25 traumatic, 17 osteoporotic and 6 cases with spond-
ylodiscitis) and 12 patients with metastatic vertebral lesions
and they are accurately and successfully differentiated by the
quantitative diffusion measurement using the ADC values of
different marrow lesions.
Zhou et al., 2002 (12), who reported substantially lower
ADCs for pathological fractures. Also in a study done by E.
Balliu 2009 (1), on 45 patients, all benign fractures (30) were
hypointense compared to normal vertebral bodies with mean
ADC (1.9 ± 0.39 · 103 mm2.) and all malignant fractures
(15) were hyperintense with mean ADC
(0.9 ± 0.13 · 103 mm2.). That was compatible with our re-
sults as the ADC in malignancy was signiﬁcantly lower than
in benign processes. The mean ADC of the malignant patho-
logic vertebral compression was 0.91 ± 0.13 · 103 mm2/sec
whereas the ADC of post acute traumatic and osteoporotic
edema was 1.2–1.9 · 103 mm2,
Also, in agreement with our study, Baur et al. 2002 (2), re-
ported that osteoporotic and traumatic compression fractures
are hypointense in DWI relative to normal vertebral bodies
due to edema and hemorrhage that lead to increase of extra-
cellular volume and the water mobility increased; therefore
the mean ADC value is high (1.96 ± 0.33 · 103 mm2.). They
also reported that neoplastic compression fractures are hyper-
intense due to increased cellularity that leads to decreased
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(0.69 ± 0.33 · 103 mm2.)
In a study done by E. Balliu 2009 (1), the mean ADC values
from infectious spondylitis cases (15 patients) were not
statistically different from malignant lesions (0.917 ±
0.13 · 103 mm2). That was going with our results as six cases
in our study of spondylodiscitis presented with low ADC val-
ues similar to malignant vertebral collapse, concluding that the
diffusion imaging with ADC calculation was not useful in the
characterization because of this ADC overlap.
Our study also included four cases of old benign fracture
with low ADC values that are very close to the ADC value
found in malignant collapse. Therefore, the diagnostic value
of ADC in the subacute traumatic period can result in a false
positive result for a malignant collapse and it is essential to
determine the exact age of the trauma before interpreting the
ADC as concluded by (1).
-The ADC values of the healthy control cases ranged be-
tween 0.19 and 0.45 13 · 103 mm2 which is suggestive of
low diffusibility in the normal vertebral fatty marrow, in con-
sistence with (13), who reported ADC values of 0.15–
0.59 · 103 mm2 for the healthy marrow.
5. Conclusions
ADC values play a useful complementary MRI tool to charac-
terize bone marrow lesions, in order to distinguish acute be-
nign fractures from malignant or infectious bone marrow
lesions. However, ADC values are not valuable in order to dif-
ferentiate malignancy from infection with diagnostic overlap in
the subacute traumatic vertebral collapse, so it is important to
know the age of traumatic lesions before ADC interpretation
to avoid diagnostic overlap with those of malignant and infec-
tious lesions.
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